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Preface 


U.S.  Army  units  must  be  ready  to  deploy  rapidly  in  the  event  of  a  contingency.  During  peace¬ 
time  operations,  the  Army  maintains  inventory  to  support  training  and  to  maintain  readiness. 
When  a  contingency  occurs,  deployed  operating  tempo  often  leads  to  increased  demands  for 
sustainment  materiel  for  units  involved  in  the  operation,  leading  to  an  increase  in  global  sus¬ 
tainment  demands.  Additional  sustainment  materiel  is  needed  not  only  to  maintain  unit  readi¬ 
ness  in  the  face  of  these  higher  demand  rates  until  the  production  base  can  respond  but  also 
to  relieve  the  initial  strain  on  the  supply  chain  by  reducing  early  airlift  requirements.  The  war 
reserve  secondary  items  (WRSI)  portion  of  the  sustainment  stock  within  Army  Prepositioned 
Stock  (APS)  is  designed  to  address  these  two  issues  of  production  capacity  gaps  and  early  airlift 
requirements. 

Historically,  the  computed  WRSI  requirements  have  not  been  fully  funded.  Yet  no  meth¬ 
odology  exists  by  which  war  reserve  requirements  can  be  prioritized.  Rather,  after  the  require¬ 
ments  are  computed,  a  time-intensive,  decentralized  review  process  is  used  to  allocate  resources 
to  determine  what  portion  of  the  requirement  will  be  funded  and  where  it  will  be  positioned. 

Thus,  as  part  of  an  ongoing,  formal  process  for  determining  WRSI  stocks  around  the 
world,  the  Army  asked  the  RAND  Arroyo  Center  to  develop  techniques  outside  the  Army’s 
legacy  system  to  prioritize  item-level  spending  on  war  reserve  materiel  for  a  Northeast  Asia 
contingency  scenario  with  a  known  deployment  schedule.  The  Army  requested  a  quick-turn, 
60-day  product  that  (1)  used  empirical  demand  data  to  drive  the  allocation,  (2)  determined 
which  items  should  be  forward  positioned  versus  stored  in  the  continental  United  States 
(CONUS)  and  delivered  via  airlift,  and  (3)  allocated  the  budgeted  fiscal  year  (FY)  2007 
funding. 

This  document  should  be  of  interest  to  logistics  personnel,  especially  staff  involved  in 
inventory  and  stock  positioning  decisionmaking,  and  resource  managers.  This  project  was 
sponsored  by  the  Assistant  Deputy  Chief  of  Staff,  G-4,  Headquarters,  Department  of  the 
Army.  The  research  was  conducted  within  the  RAND  Arroyo  Center’s  Military  Logistics  Pro¬ 
gram.  RAND  Arroyo  Center,  part  of  the  RAND  Corporation,  is  a  federally  funded  research 
and  development  center  (FFRDC)  sponsored  by  the  United  States  Army. 

The  Project  Unique  Identification  Code  (PUIC)  for  the  project  that  produced  this  docu¬ 
ment  is  DALOC07572. 


For  more  information  on  the  RAND  Arroyo  Center,  contact  the  Director  of  Operations 
(telephone  310-393-0411,  extension  6419;  FAX  310-451-6952;  e-mail  Marcy_Agmon@rand. 
org),  or  visit  Arroyo’s  Weh  site  at  http://www.rand.org/ard/. 
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Summary 


Army  units  must  be  ready  to  deploy  rapidly  in  the  event  of  a  contingency,  which  creates  chal¬ 
lenges  for  the  initial  sustainment  of  deployed  units,  especially  during  the  first  45  to  60  days  or 
so  it  takes  the  first  ships  to  arrive  from  CONUS.  Additionally,  when  a  contingency  occurs,  the 
increase  in  operating  tempo  leads  to  higher  demands  for  some  items.  Because  many  items  have 
lengthy  procurement  lead  times,  the  baseline  level  of  inventory  will  sometimes  run  out  in  the 
face  of  the  higher  demand  before  increased  deliveries  begin.  Moreover,  even  if  the  contingency 
demands  for  certain  items  do  not  increase,  these  items  must  be  transported  to  the  site  of  the 
contingency,  which  places  stress  on  the  defense  supply  chain  and  on  airlift  capacity. 

Stocks  of  war  reserve  secondary  items  (WRSI)  within  Army  Prepositioned  Stock  (APS) 
are  designed  to  address  the  two  issues  of  production  surge  response  time  and  competition  for 
airlift  early  in  a  contingency.  However,  given  the  breadth  of  Army  budget  priorities,  funding 
for  WRSI  stocks  often  falls  short  of  the  total  calculated  requirement,  and  the  Army  has  lacked 
a  formal  method  for  prioritizing  which  items  to  stock. 

Therefore,  as  part  of  an  ongoing,  formal  process  for  determining  WRSI  stocks  around 
the  world,  the  Army  asked  the  RAND  Arroyo  Center  to  develop  techniques  to  prioritize  the 
use  of  a  $467  million  FY  2007  budget  for  WRSI  materiel  for  a  Northeast  Asia  contingency 
scenario.  RAND  provided  a  quick-turn,  60 -day  product  that  (1)  used  empirical  demand  data 
to  derive  forecasts  of  the  potential  contingency  demands,  (2)  determined  which  items  should 
be  forward  positioned  versus  stored  in  CONUS  and  delivered  via  airlift,  and  (3)  allocated  the 
budgeted  funding  to  maximize  the  WRSI  inventory  investment  value  with  respect  to  readiness 
and  reduced  strategic  airlift  early  in  the  contingency. 


Empirical  Demand  Data  Were  Used  to  Forecast  Contingency  Demands 

First,  the  Army  needs  a  reliable  method  for  estimating  demands  during  a  contingency.  Second, 
it  needs  to  know  which  items  likely  to  be  demanded  are  expected  to  have  large  demand 
increases  over  baseline  levels,  thus  resulting  in  a  shortfall  or  production  gap.  These  items  are 
important  to  be  in  WRSI  inventory  to  bridge  the  gap  until  production  surge  deliveries  com¬ 
mence  to  maintain  readiness.  Third,  it  needs  to  know  which  items  would  demand  substantial 
early  airlift  if  not  stocked  forward. 
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To  determine  which  items  fit  the  criteria  above,  RAND  analyzed  pre-Operation  Iraqi 
Freedom  (OIF)  and  OIF  empirical  data  to  identify  items  with  large  demand  increases  or  with 
high  backorders  or  stock  availability  problems  early  in  OIF.  Data  from  calendar  year  (CY) 
2002  versus  CY  2003  were  used  to  identify  the  relative  increase  in  demands  at  the  beginning 
of  OIF,  as  well  as  items  with  high  backorders  early  in  OIF.  Items  that  experienced  these  prob¬ 
lems  reflect  situations  in  which  wartime  demand  stressed  the  production  capacity.  This  process 
identified  about  18,000  candidate  items  for  possible  war  reserve  funding. 

RAND  then  used  empirical  data  from  ongoing  contingency  operations  to  develop  two 
demand  forecasts  for  a  Northeast  Asia  scenario.  We  used  demand  data  for  units  in  OIF  in 
CYs  2003  and  2006.  CY  2006  data  were  used  to  ensure  that  parts  for  newly  fielded  and 
upgraded  end  items  were  included  and  that  only  items  with  ongoing  demands  were  targeted 
as  war  reserve  candidates.  Demand  data  from  both  2003  and  2006  were  time-phased  by  unit 
to  model  the  force  buildup  at  the  beginning  of  a  contingency.  Also,  because  the  Army  stocks 
materiel  to  support  training  and  to  maintain  readiness  for  contingency  operations,  unless  the 
item  needs  to  be  forward  positioned,  war  reserve  need  be  based  only  on  the  marginal  increase 
in  demands  incurred  as  a  result  of  contingency  operations.  So  RAND  determined  the  increases 
in  global  demands  for  these  items,  not  just  the  contingency  demands. 


Forward  Positioning  Should  Focus  on  Fast-Moving  Items  with  Relatively  Low 
Cost-to-Weight  Ratios 

Even  if  the  supply  system  has  sufficient  inventory  to  handle  increases  in  demand,  decisions 
about  which  items  should  be  forward  positioned  are  key  to  ensuring  that  sustainment  airlift 
is  not  overtaxed  or  supplies  fall  short  during  the  initial  days  of  a  contingency.  A  forward- 
positioned  item  should  be  in  high — and  regular — demand,  and  the  item  should  have  a  rela¬ 
tively  low  unit  cost  per  pound  or  cubic  foot.  This  enables  most  of  the  potential  airlift  need  for 
sustainment,  which  is  driven  by  item  weight  and  size,  to  be  avoided  for  relatively  little  inven¬ 
tory  investment,  which  is  driven  by  item  price.  For  example,  batteries  are  relatively  heavy  com¬ 
pared  to  their  unit  price.  If  they  are  needed  in  large  numbers,  it  is  much  more  cost-effective  to 
forward  position  them  than  to  use  valuable  airlift  capacity  to  transport  them  from  CONUS. 

Only  a  small  number  of  WRSI  items  need  to  be  forward  positioned  to  achieve  a  signifi¬ 
cant  reduction  in  the  airlift  burden.  Analysis  using  empirical  demand  data  from  OIF  as  a  proxy 
for  contingency  demands  identified  about  1,800  candidate  items  for  forward  positioning.  As 
shown  in  Table  S.l,  these  items  accounted  for  70-80  percent  of  the  volume  (cubic  feet)  and 
about  80  percent  of  the  weight  of  demands  but  less  than  10  percent  of  the  total  demand  value 
in  the  critical  first  60  days  of  the  demand  forecasts,  which  were  modeled  from  the  March- 
April  2003  and  time-phased  January-February  2006  OIF  demand  streams.  Thus,  this  policy 
requires  relatively  small  investments  in  inventory  to  achieve  very  large  airlift  avoidance. 
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Table  S.1 

Forward-Positioned  Items  as  a  Percentage  of  All  Items  with  Demands 


Contingency 

Demand  Data 

Percentage 
of  Items 

Percentage 
of  Demands 

Percentage 
of  Total  Value 
of  Demands 

Percentage  of 
Total  Volume 
of  Demands 

Percentage  of 
Total  Weight 
of  Demands 

OIF,  March-September, 
2003 

2 

16 

9 

70 

80 

OIF,  January-June  2006 
(time-phased) 

2 

13 

10 

80 

82 

Items  that  are  not  forward  positioned  (referred  to  as  swing  stocks)  can  be  used  in  any  con¬ 
tingency,  not  just  Northeast  Asia.  If  the  forward-positioned  items  are  selected  well,  minimal 
airlift  will  be  required  to  meet  contingency  demands  using  the  remaining  swing  stocks  (very 
expensive,  low-demand,  or  small  total  shipment-weight  items)  stored  in  CONUS — e.g.,  one  or 
two  strategic  lift  aircraft  per  day  early  in  a  contingency. 


Resource  Allocation  Method  Trades  Off  Time  and  Readiness  Benefits 

RAND  also  developed  a  method  to  determine  the  best  set  of  items  (breadth)  and  inventory 
levels  (depth)  for  a  given  funding  level.  This  method  takes  into  account  the  item’s  contribution 
to  readiness  and  whether  the  item  would  be  required  early  or  late  in  the  contingency — that  is, 
how  important  it  would  be  to  potentially  avoiding  early  airlift  needs. 

For  this  quick-turn  analysis,  RAND  used  the  two  demand  forecasts  developed  from  the 
OIF  demand  data  (time-phased  to  reflect  the  deployment  schedule  assumed  for  the  North¬ 
east  Asia  scenario).  However,  demand  forecasts  from  any  source  or  model,  including  existing 
Army  models,  can  be  used  as  an  input  to  the  resource  allocation  tool.  Using  multiple  forecasts 
reflecting  different  conditions  allows  the  resource  allocation  to  better  deal  with  the  real-world 
uncertainties  associated  with  forecasting  demands  in  a  future  contingency. 

Another  major  advantage  of  this  methodology  is  that  the  user  may  vary  two  levers — the 
weighting  of  the  time  periods  (i.e.,  airlift  avoidance)  and  the  readiness  weighting  factor — to 
compute  and  compare  different  resource  allocations  that  reflect  different  priorities.  RAND 
used  different  weighting  factors  to  develop  two  potential  allocation  schemes  for  the  Army  and 
then  compared  the  benefits  of  stocking  different  items  in  terms  of  readiness  and  airlift  avoid¬ 
ance.  One  of  the  solutions  was  chosen  by  the  Army  (after  being  reviewed  and  updated)  as  the 
basis  for  FY  2008  spending  on  WRSI  materiel  for  a  Northeast  Asia  scenario.' 


Conclusion 


Moving  forward,  the  Army  should  ensure  that  the  process  for  allocating  war  reserve  budgets 
is  flexible  and  agile  so  that  it  can  be  updated  quickly  as  equipment,  operational  forecasts,  and 
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Due  to  changing  priorities,  the  FY  2007  budget  for  WRSI  materiel  was  shifted  to  other  needs. 
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empirical  demand  data  change.  War  reserve  resources  should  he  focused  (1)  on  those  items  that 
should  he  forward  positioned  to  avoid  the  excessive  early  sustainment  burden  and  (2)  on  those 
items  for  which  additional  inventory  minimizes  the  risk  to  operational  readiness. 
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CHAPTER  ONE 


Introduction 


Army  units  must  be  teady  to  deploy  tapidly  in  the  event  of  a  contingency.  Fot  peacetime 
opetations,  the  Atmy  stocks  matetiel  in  suppott  of  ttaining  and  to  maintain  teadiness.  When 
a  contingency  occuts,  deployed  opetating  tempo  often  leads  to  incteased  demands  fot  sustain¬ 
ment  matetiel  fot  units  involved  in  the  opetation,  leading  to  an  inctease  in  global  sustainment 
demands.  Howevet,  many  items  have  lengthy  ptocutement  lead  times,  so  the  baseline  level  of 
inventoty  will  sometimes  tun  out  in  the  face  of  the  highet  demand  befote  incteased  deliveties 
begin.  Moteovet,  contingency  demands  fot  sustainment  matetiel  must  be  deliveted  to  a  diffet- 
ent  tegion  of  the  wotld,  placing  sttess  on  the  defense  supply  chain  and  tequiting  sustainment 
aitlift  that  must  compete  with  othet  ptessing  aitlifc  needs  at  the  outset  of  a  contingency. 

The  wat  tesetve  secondaty  items  (WRSI)  pottion  of  the  sustainment  stock  pottion  of 
Atmy  Ptepositioned  Stock  (APS)  is  designed  to  addtess  these  two  issues  of  ptoduction  capacity 
tesponse  time  and  competition  fot  eatly  aitlift.  In  patticulat,  WRSI  inventoty  provides  items* 
needed  not  only  to  maintain  unit  teadiness  in  the  face  of  potentially  highet  demand  tates  until 
the  commercial  and  industtial  base  can  tespond,  but  also  to  telieve  the  initial  sttain  on  the 
supply  chain  by  teducing  eatly  aitlift  tequitements.  Wat  tesetve  matetiel  could  be  thought  of  as 
an  eatly  delivety  to  immediately  inctease  global  on-hand  supplies,  adding  to  the  baseline  level 
of  stock,  and  to  teduce  eatly  aitlift  tequitements. 

Histotically,  the  computed  WRSI  tequitements  have  not  been  fully  funded,  yet  no  fotmal 
methodology  cuttently  exists  by  which  wat  tesetve  tequitements  can  be  ptiotitized.  Rathet, 
aftet  tequitements  ate  computed,  a  time-intensive,  decenttalized  teview  process  is  used  to  allo¬ 
cate  tesoutces  and  detetmine  what  pottion  of  the  tequitement  will  be  funded.  Ptevious  RAND 
analysis  compating  Opetation  Itaqi  Fteedom  (OIF)  demand  to  WRSI  tequitements  fot  a  simi- 
lat  Southwest  Asia  scenatio  showed  majot  disctepancies,  latgely  due  to  the  use  of  outdated 
input  data  in  Atmy  legacy  systems.  Additionally,  the  positioning  of  WRSI  inventoty — eithet 
fotwatd  ot  in  the  continental  United  States  (CONUS) — had  been  found  to  be  misaligned  with 
actual  sustainment  aitlift  in  contingencies  and  with  the  cuttent  ptinciples  being  used  by  the 
Atmy  to  detetmine  fotwatd-positioned  inventoty.^ 


*  WRSI  includes  items  from  Supply  Classes  1  (subsistence),  2  (clothing),  3P  (petroleum,  oil,  lubricants),  4  (construction 
materiel),  and  9  (repair  parts).  In  this  analysis,  we  focused  on  items  in  Supply  Classes  2,  3P,  4,  and  9.  For  convenience,  we 
will  use  the  term  “items”  to  refer  to  items  in  any  of  these  supply  classes. 

^  See  Eric  Peltz,  Marc  Robbins,  Kenneth  J.  Girardini,  and  John  Halliday,  Sustainment  of  Army  Forces  in  Operation  Iraqi 
Freedom:  Major  Findings  and  Recommendations,  Santa  Monica,  Calif:  RAND  Corporation,  MG-342-A,  2005,  and  Eric 
Peltz,  Kenneth  J.  Girardini,  Marc  Robbins,  and  Patricia  Boren,  Ejfectively  Sustaining  Forces  Overseas  While  Minimizing 
Supply  Chain  Costs:  Targeted  Theater  Inventory,  Santa  Monica,  Calif:  RAND  Corporation,  DB-524-A/DLA,  2008. 
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Therefore,  as  part  of  an  ongoing,  formal  process  for  determining  WRSI  stocks  around  the 
world,  the  Army  asked  the  RAND  Arroyo  Center  to  develop  techniques  outside  the  Army’s 
legacy  system  and  to  prioritize  item-level  spending  of  $467  million  allocated  in  fiscal  year 
(FY)  2008  for  war  reserve  materiel  for  a  Northeast  Asia  contingency  scenario  with  a  known 
deployment  schedule.  The  Army  requested  a  quick-turn,  60-day  product  that  (1)  used  empiri¬ 
cal  demand  data  to  drive  the  allocation,  (2)  determined  which  items  should  be  forward  posi¬ 
tioned  versus  stored  in  CONUS  and  delivered  via  airlift,  and  (3)  allocated  the  budgeted  FY 
2007  funding. 

This  document  describes  the  methodology  and  logic  used  to  develop  the  resource  alloca¬ 
tion  and  forward  positioning  for  that  $467  million  of  war  reserve  sustainment.  Chapter  Two 
describes  how  empirical  demands  were  used  to  reduce  the  scope  of  the  allocation  problem  by 
limiting  the  population  of  items  considered  for  this  quick-turn  effort.  It  also  explains  how 
items  were  identified  for  forward  positioning.  Chapter  Three  explains  the  resource  allocation 
methodology,  that  is,  how  items  were  assigned  relative  benefits  and  compared  to  optimize  the 
list  of  items  to  be  purchased  and  forward  positioned.  The  chapter  also  includes  a  description  of 
how  to  base  war  reserve  on  the  difference  between  peacetime  training  demands  and  forecasts 
of  contingency  demand — i.e.,  how  to  subtract  or  “offset”  training  demands  from  forecasts  of 
contingency  demand.  Because  inventory  already  exists  in  the  military  supply  system  to  support 
training,  war  reserve  should  be  based  only  on  the  marginal  increase  in  demands  as  a  result  of 
contingency  operations.  In  Chapter  Four,  we  describe  two  potential  solutions  for  prioritizing 
the  use  of  FY  2007  budgeted  WRSI  funding  and  present  conclusions.  One  of  these  solutions 
was  the  basis  for  FY  2008  spending  on  war  reserve  materiel  for  a  Northeast  Asia  scenario. 

Two  appendixes  are  included.  Appendix  A  describes  the  changes  in  demand  that  occurred 
with  the  onset  of  OIF  and  provides  an  example  of  the  degree  to  which  demands  can  increase 
during  a  contingency.  Appendix  B  provides  more  detail  on  the  resource  allocation  methodol¬ 
ogy  used  to  prioritize  items  for  war  reserve  resource  allocation. 


CHAPTER  TWO 


Identification  of  Candidate  Items 


The  breadth  of  items  required  at  the  beginning  of  a  contingency  can  be  very  large.  For  exam¬ 
ple,  in  the  first  six  months  of  OIF,  more  than  100,000  different  items  were  ordered  by  units  in 
the  theater.  However,  because  of  financial  and  operating  environment  constraints,  not  all  items 
expected  to  be  used  during  a  contingency  can  be  purchased  for  war  reserve  inventory. 

For  this  quick-turn  analysis,  we  limited  the  list  of  items  for  consideration  by  focusing  on 
items  needed  to  serve  two  main  goals  of  WRSI  inventory:  (1)  providing  items  that  otherwise 
would  likely  be  in  short  supply  in  a  contingency  and  (2)  “right-sizing”  the  sustainment  airlift 
requirements  at  the  beginning  of  a  contingency.  This  chapter  describes  how  historical  demand 
data  were  used  to  produce  the  set  of  candidate  items  for  possible  war  reserve  allocation. 


The  Purpose  of  WRSI  Inventory 

First,  for  the  purposes  of  supporting  readiness  by  bridging  any  potential  production  capac¬ 
ity  gap,  those  items  with  relatively  long  procurement  lead  times  and  large  expected  demand 
increases  were  included  in  the  candidate  list  for  war  reserve.  The  amount  of  inventory  poten¬ 
tially  needed  in  war  reserve  depends  on 

•  the  procurement  lead-time,  which  varies  among  items 

•  the  expected  demand  increase,  which  varies  depending  on  item  failure  modes  and  the 
deployed  operating  tempo. 

For  example,  replacement  of  some  items  is  almost  directly  proportional  to  their  usage,  whereas 
other  items  may  be  time-based,  regardless  of  usage.  Additionally,  the  relative  contribution  of 
items  to  keeping  equipment  operational  varies  and  should  be  considered  when  selecting  items 
for  war  reserve. 

Second,  aside  from  supporting  readiness,  how  war  reserve  materiel  affects  supply-chain 
costs  and  sustainment  airlift  requirements  is  important  as  well.  For  example,  batteries  are 
relatively  heavy  compared  to  their  unit  price.  If  they  are  needed  in  large  numbers,  it  is  more 
cost-effective  to  forward  position  batteries  than  to  use  valuable,  potentially  scarce,  airlift  capac¬ 
ity  early  in  a  contingency  to  transport  them  to  the  theater.  Thus,  to  minimize  total  supply 
chain  costs  while  ensuring  responsive,  effective  support,  the  Department  of  Defense  (DoD) 
has  started  using  a  centralized  theater  inventory  of  high-demand,  high-weight,  low-cost  items 
replenished  by  sealift.  These  items  can  then  be  cost-effectively  delivered  by  ground  convoy  or 
intratheater  air  on  demand.  Achieving  similar  response  times  from  CONUS  would  require 
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more  expensive  intertheater  airlift.  This  policy  requires  relatively  small  investments  in  inven¬ 
tory  to  achieve  very  large  airlift  savings.'  Thus,  items  that  are  high-demand,  high- weight  or 
high-volume,  and  low-cost  should  also  he  included  in  the  candidate  list  for  war  reserve. 

In  summary,  based  on  the  dual  purposes  of  WRSI,  the  following  items  were  included  in 
the  candidate  list  for  war  reserve:^ 

•  items  that  are  predicted  to  increase  in  demand  relative  to  training  demands 

•  items  whose  predicted  increase  in  demands  would  stress  the  supply  system 

•  items  essential  to  operational  readiness 

•  items  that  are  high-volume  or  have  low  cost-to-weight  ratios,  i.e.,  relatively  cheap  to  huy 
for  inventory  versus  the  cost  of  airlift  required  to  move  the  materiel. 

Because  of  the  inherent  difficulty  in  forecasting  items  that  are  predicted  to  increase  in  demand, 
we  included  the  third  category  of  items  above  for  risk-mitigation  purposes. 


Criteria  for  Candidate  Item  Selection 

The  criteria  for  selection  as  a  candidate  item  require  knowing  production  lead  times,  expected 
demand  increases,  readiness  contributions,  and  item-level  volume,  weight,  and  price  infor¬ 
mation. 

Lacking  item-level  production  lead  time  and  forecasted  demand  increase  information  for 
the  quick-turn  analysis  requested  by  the  Deputy  Chief  of  Staff,  G-4  (Logistics),  we  developed 
proxy  measures  for  identifying  those  items  for  which  the  supply  chain  could  not  keep  up  with 
demand  and/or  for  which  demand  rates  increased:  items  with  large  demand  increases  or  items 
with  high  backorders  or  stock  availability  problems  early  in  OIF.^  Items  that  experienced  these 
problems  reflect  situations  in  which  wartime  demand  stressed  the  production  capacity. 

We  used  item-level  demand  data  for  units  in  OIF  from  the  Corps/Theater  Automated 
Service  Center  (CTASC)"*  in  calendar  years  (CYs)  2002,  2003,  and  2006.  CYs  2002  and  2003 
were  used  to  identify  the  relative  increase  in  demands  at  the  beginning  of  OIF,  as  well  as 
items  with  high  backorders  early  in  OIF.  CY  2006  was  used  to  ensure  that  parts  for  newly 
fielded  and  upgraded  end  items  were  included  and  that  only  items  with  ongoing  demands 
were  targeted  as  war  reserve  candidates.  Demand  data  from  2006  were  time-phased  by  unit 


'  See  Peltz  et  al.  (2008).  However,  if  a  contingency  occurs  in  a  place  where  the  United  States  does  not  have  permanently 
stationed  forces,  a  theater-level  warehouse  would  not  be  in  place  and  could  take  months  to  establish,  involving  both  the 
decision  and  then  the  initial  sealift  deliveries.  In  the  meantime,  responsive  support  could  require  significant  and  what  would 
be  excessive  sustainment  airlift.  Thus,  a  secondary  role  for  WRSI  inventory  is  to  “initialize”  this  theater  warehouse.  In  this 
situation,  war  reserve  materiel  could  be  on  ships  to  be  sailed  quickly  to  a  contingency  region. 

^  The  Army’s  WRSI  process  has  always  included  some  criteria  to  determine  a  subset  of  candidate  items  out  of  the  total 
population  of  items.  For  example,  in  the  past,  essentiality  code  has  been  used. 

^  Although  stochastic  forecasts  may  be  used  in  this  methodology,  the  Army  requested  the  use  of  empirical  demands;  his¬ 
torically,  stochastic  models  have  not  always  led  to  good  results  for  the  Army  due  to  the  difficulty  in  keeping  information 
such  as  bills  of  material,  failure  rates,  and  expected  demand  increases  updated  for  current  National  Item  Identification 
Numbers  (NIINs). 

^  CTASC  document  history  files  are  compiled  from  data  supplied  by  the  Standard  Army  Retail  Supply  System  (SARSS) 
computer.  These  data  were  obtained  from  the  Logistics  Support  Agency  (LOGSA)  for  CYs  2002,  2003,  and  2006. 
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to  model  the  force  buildup  at  the  beginning  of  a  contingency.  For  example,  the  Ml  114  high- 
mobility  multi-purpose  wheeled  vehicle  (HMMWV)  was  fielded  to  units  in  Iraq  after  2003; 
demands  for  items  unique  to  the  Ml  114  would  only  appear  in  the  2006  OIF  demand  data. 

Table  2.1  shows  five  types  of  National  Item  Identification  Numbers  (NIINs)  that  were 
targeted  for  possible  inclusion  in  war  reserve,  along  with  qualification  criteria  and  examples 
of  each.5  The  result  of  this  empirical  WRSI  candidate  selection  process  was  that  about  18,000 
items  qualified  for  potential  stockage  in  war  reserve. 


Table  2.1 

Five  NIIN  Attributes  Targeted  for  Inclusion  in  War  Reserve 


NIIN  Attribute 

Qualification  Criteria 

Example 

Experienced  significant  increase 
in  demands  between  2002  and 
2003,  with  continuing  demands 
in  2006 

NIINs  that  were  readiness  drivers  had 
to  experience: 

a  25%  increase  in  quantity 
demanded  between  CYs  2002 
and  2003 

at  least  15  demands  in  CYs  2002  and 
2003 

at  least  5  demands  in  CY  2006 

Track  for  all  tracked  vehicles. 
Depending  on  vehicle  type,  demands 
for  track  increased  45-110  percent 

Experienced  moderate  increase 
in  demands  between  2002  and 
2003  and  suffered  significant 
backorders  in  2003,  with 
continuing  demands  in  2006 

NIINs  that  were  readiness  drivers  had 
to  experience: 

a  10%  increase  in  quantity  demanded 
between  CYs  2002  and  2003 

at  least  15  demands  in  CYs  2002  and 
2003 

at  least  5  demands  in  CY  2006 
at  least  15  backorders  in  CY  2003 

Brake  shoes  for  rough  terrain  forklifts 

Experienced  significant 
demands  in  2006 

NIINs  that  were  readiness  drivers  had 
to  experience  at  least  25  demands  in 

CY  2006,  but  no  demands  in  CY  2002 

Items  for  the  MUM  HMMWV  (which 
were  not  deployed  in  SWA  in  the 
initial  deployment) 

Essential  to  readiness  with 
continuing  demands  in  2006 
(even  if  they  did  not 
experience  an  increase  in 
demands 

between  2002  and  2003)  for 
risk-mitigation  purposes 

NIINs  that  are  linked  to  readiness 
through  deadlining  reports  had  to 
experience  continuing  demands  in 

2006 

Ml  tank  engine  experienced  only  a 

4  percent  increase  from  2002  to  2003 
MSB  engine  experienced  a  4  percent 
decrease  in  demand  from  2002  to 

2003 

Should  be  forward  positioned 

NIINs  with: 

unit  cost-  to-weight  ratio  less  than 
$10/pound  and  total  shipment 
weight  greater  than  1000  pounds  or 
unit  cost-to-volume  ratio  less  than 
$20  per  cubic  feet  and  total  shipment 
volume  greater  than  200  cubic  feet 

Storage  batteries  and  tires  for 
wheeled  vehicles 

^  These  thresholds  were  derived  through  experimentation  and  may  require  adjustment  for  different  contingencies.  To 
increase  the  emphasis  on  readiness  drivers  in  war  reserve,  the  qualification  thresholds  for  the  first  three  categories  in  Table 
2.1  were  more  liberal  for  readiness  drivers  than  those  for  non-readiness  drivers.  Readiness  drivers  were  defined  using  the 
database  underlying  the  Equipment  Downtime  Analyzer  (EDA),  a  history  of  Army-wide  equipment  deadlining  “026” 
prints.  See  Eric  Peltz,  Marc  Robbins,  Patricia  Boren,  and  Melvin  Wolff,  Diagnosing  the  Army’s  Equipment  Readiness:  The 
Equipment  Downtime  Analyzer,  Santa  Monica,  Calif:  RAND  Corporation,  MR-1481-A,  2002. 
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Forward-Positioned  NIINs 

The  fifth  category  shown  in  Table  2.1  consists  of  NIINs  that  should  be  forward  positioned  to 
provide  initial  stocks  for  a  theater  warehouse  so  as  to  avoid  excessive  sustainment  airlift  needs 
at  the  beginning  of  a  contingency. 

Again,  lacking  item-level  forecasts  of  demand  for  a  Northeast  Asia  contingency  scenario, 
we  used  empirical  demands  from  OIF  as  a  proxy  for  forecasts  of  contingency  demands  to  iden¬ 
tify  those  items  that  should  be  forward-positioned.  The  analysis  to  identify  forward-positioned 
NIINs  used  item-level  CTASC  demand  data  for  units  in  OIF  from  CYs  2003  and  2006.  We 
used  empirical  data  from  March-April  2003  to  model  the  demands  required  at  the  beginning 
of  a  contingency.  As  with  the  candidate  item  selection,  January-February  2006  was  also  used 
to  ensure  that  parts  for  newly  fielded  and  upgraded  end  items  were  included  and  that  only 
items  with  ongoing  demands  were  targeted  for  forward  positioning.  Demand  data  from  2006 
were  time-phased  by  unit  to  model  the  force  buildup  at  the  beginning  of  a  contingency.  Item- 
level  volume,  weight,  and  price  information  referenced  the  2006  Federal  Logistics  Catalog 
(FedLog). 

In  total,  about  1,800  candidate  items  were  selected  for  forward  positioning.  As  shown 
in  Table  2.2,  these  1,800  items  accounted  for  70-80  percent  of  the  volume  (cubic  feet)  and 
about  80  percent  of  the  weight  of  demands  in  the  March-April  2003  and  time-phased  Janu¬ 
ary-February  2006  OIF  demand  streams,  but  less  than  10  percent  of  the  demand  value.  Thus, 
only  a  small  subset  of  NIINs  identified  for  war  reserve  must  be  forward  positioned  to  achieve 
a  significant  reduction  in  the  airlift  burden,  and  these  items  represent  a  small  percentage  of  the 
total  value. 

The  significance  of  the  forward-positioning  decision  cannot  be  overstated.  Even  if  the 
supply  system  is  resourced  to  handle  the  demand  increase  for  an  item,  the  assets  may  not  be 
properly  positioned.  For  items  with  a  relatively  low  unit  cost  per  pound  or  cubic  foot,  forward 
positioning  of  inventory  is  more  cost-effective  than  using  scarce  or  expensive  strategic  airlift  to 
move  relatively  inexpensive  items  early  in  a  contingency. 

The  war  reserve  forward-positioning  decision  is  also  important,  because  it  results  in  the 
need  for  inventory  that  is  dedicated  to  a  specific  theater,  e.g..  Northeast  Asia,  and,  in  essence, 
“locked  in  place”  there.  Inventory  in  another  location,  such  as  inventory  in  CONUS  used  to 
support  training  in  CONUS,  cannot  be  used  as  a  flexible  substitute  for  such  forward-positioned 
materiel.  In  other  words,  even  if  the  supply  system  is  resourced  to  handle  the  demand  increase 
for  an  item,  if  forward-positioning  decisions  are  not  made  well  and  the  assets  are  poorly  posi¬ 
tioned,  it  can  lead  to  excessive  demand  for  sustainment  airlift  early  in  a  contingency. 

On  the  other  side  of  the  issue,  there  is  tremendous  significance  in  an  item  not  being 
chosen  for  forward  positioning.  Once  funded,  assets  that  are  not  forward  positioned  can  be 
flexibly  applied  to  any  contingency,  not  just  Northeast  Asia;  they  are  often  referred  to  as  swing 
stocks.  If  these  assets  are  selected  well,  it  will  require  minimal  airlift — e.g.,  one  or  two  strategic 
lift  aircraft  per  day  early  in  a  contingency — to  deliver  these  assets  to  the  theater  when  needed. 
This  suggests  that  the  bulk  of  future  WRSI  resource  dollars  will  be  applied  to  swing  stocks  and 
that  it  will  take  very  little  airlift  to  deliver  those  swing  stocks  in  a  contingency. 
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Table  2.2 

Forward-Positioned  Items  as  a  Percentage  of  All  Items  with  Demands 


Percentage  Percentage  of  Percentage  of 
Contingency  Percentage  Percentage  of  Total  Value  Total  Volume  of  Total  Weight 

Demand  Data  of  Items  of  Demands  of  Demands  Demands  of  Demands 


OIF,  March-September, 
2003 

2 

16 

9 

70 

80 

OIF,  January-June  2006 
(time-phased) 

2 

13 

10 

80 

82 

CHAPTER  THREE 


Resource  Allocation  Methodology 


After  the  list  of  candidate  items  was  selected,  including  the  subset  of  forward-positioned  NIINs, 
we  turned  to  the  resource  allocation  methodology  that  simultaneously  determined  the  best  set 
of  NIINs  (breadth)  and  inventory  levels  (depth)  for  a  given  resource  level. 

We  begin  with  an  outline  of  the  methodology  that  will  be  described  in  this  chapter.  First, 
we  selected  two  streams  of  contingency  demand  data  (we  used  two  streams  of  data  to  increase 
the  robustness  of  our  analysis  for  the  FY  2007  budget  allocation).  For  this  quick-turn  analy¬ 
sis,  item-level  historical  demands  in  OIF  served  as  contingency  demand  data  for  the  deploy¬ 
ment  schedule  assumed  for  this  Northeast  Asia  scenario.  Second,  offsets  were  applied  to  each 
set  of  contingency  demand  data  to  capture  the  difference  between  training  and  contingency 
demands.  Because  the  Army  stocks  materiel  in  support  of  training  and  to  maintain  readiness 
for  peacetime  operations,  war  reserve  need  only  be  based  on  the  marginal  increase  in  demands 
incurred  as  a  result  of  contingency  operations.  Third,  we  then  used  the  two  streams  of  post- 
offset  contingency  demand  data  to  generate  benefit  functions,  i.e.,  functions  that  model  the 
benefit  of  stocking  an  item  and  that  take  into  account  whether  the  item  was  required  early  or 
late  in  a  contingency.  The  benefit  functions  were  also  adjusted  to  account  for  differences  in 
contributions  to  readiness.  For  robustness,  we  combined  the  benefit  functions  for  each  NUN 
from  the  two  different  streams  of  contingency  demand  data  into  a  single  benefit  function. 
Finally,  we  compared  the  benefit  functions  of  each  NIIN  across  all  NIINs  and  selected  inven¬ 
tory  levels  to  maximize  the  benefit  of  the  available  resources. 

A  major  advantage  of  this  resource  allocation  methodology  is  that  the  user  may  vary  two 
levers  that  will  be  explained  later — the  weighting  of  the  time  periods  and  the  readiness  weight¬ 
ing  factor — to  rapidly  compute  and  compare  different  resource  allocations  that  reflect  differ¬ 
ent  priorities  with  respect  to  the  degree  of  emphasis  on  fulfilling  early  versus  late  contingency 
demands  and  item  criticality. 


Need  to  Account  for  Inventory  Held  to  Support  Training 

Before  we  begin  our  description  of  the  resource  allocation  methodology,  we  note  that,  as 
directed  by  the  DoD,'  war  reserve  requirements  should  be  based  on  the  marginal  increase  in 


'  DoD  Directive  3110.6,  November  9,  2000,  on  War  Reserve  Materiel  Policy  states:  “To  minimize  investment,  war 
materiel  requirements  shall  be  offset  by  starter  and  swing  stocks  (including  peacetime  operating  and  training  stocks)  and, 
whenever  possible,  materiel  available  through  industrial  base  programs,  host-nation  support  agreements,  bilateral  military 
arrangements  (e.g..  Acquisition  and  Cross  Servicing  Agreements  under  10  U.S.C.  2341-50,  reference  (c)),  and  commercial 
sources.” 
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demands  as  a  result  of  contingency  operations  and  not  on  the  entire  contingency  demand  fore¬ 
cast.  This  is  because  baseline  inventory  to  support  training  has  already  been  accounted  for  in 
the  military  supply  system. 

The  extent  of  the  hnancial  impact  of  accounting  for  inventory  to  support  training  demands 
can  be  approximated  by  the  data  in  Table  3.1,  which  shows  the  change  in  demands  between 
CYs  2002  and  2003  by  major  Army  command  (ACOM).  Demands  in  Army  Central  Com¬ 
mand  (ARCENT)  increased  $4.6  billion,  but  demands  in  Forces  Command  (FORSCOM) 
decreased  by  $0.9  billion  and  demands  in  United  States  Army  Europe  Command  (USA- 
REUR)  decreased  by  $0.3  billion.  Thus,  training  demands  represent  a  meaningful  portion 
(about  25  percent)  of  contingency  demands,  and  it  is  important  to  base  war  reserve  require¬ 
ments  only  on  the  difference  between  training  demands  and  forecasts  of  contingency  demands 
because  inventory  is  already  held  in  the  system  to  support  the  former. 


Table  3.1 

Increase  in  Value  of  Demands  Between 
CYs  2002  and  2006 


ACOM 

Increase  (S  billions) 

ARCENT 

4.6 

FORSCOM 

-0.9 

USAREUR 

-0.3 

NOTE:  See  Table  A.1  for  a  breakdown  by  subset 
of  NUN. 


Contingency  Demand  Data 

The  brst  step  in  the  resource  allocation  methodology  was  the  selection  of  contingency  demand 
data.  For  this  quick-turn  analysis,  item-level  forecasts  of  contingency  demand  were  unavail¬ 
able;  as  a  substitute,  we  used  empirical  OIF  demand  data  to  model  the  demands  at  the  begin¬ 
ning  of  a  contingency.  The  analysis  used  CTASC  demand  data  for  units  in  OIF  in  March- 
September  2003  and  January-June  2006.  Again,  demand  data  from  2006  were  time-phased 
by  unit  to  model  the  force  buildup  at  the  beginning  of  a  contingency.  Aside  from  being  used  to 
increase  the  robustness  of  the  solution,  two  demand  streams  were  included  to  capture  demands 
for  recently  upgraded  items  and  items  from  newly  fielded  equipment  and  to  identify  items  that 
had  been  phased  out. 


Computation  of  the  Training  Demand  Offset 

The  second  step  in  the  resource  allocation  methodology  was  to  subtract  or  “offset”  training 
demands  from  forecasts  of  contingency  demand,  because  the  Army  already  stocks  materiel  to 
support  training  and  to  maintain  readiness  for  peacetime  operations. 

hacking  item-level  information  on  demand  increases  due  to  a  contingency,  we  compared 
demands  before  and  after  OIF  and  used  this  information  to  compute  what  we  call  the  offset 
percentage  and  training  demand  offset  quantity.  The  offset  percentage  is  the  proportion  of  con- 
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tingency  demands  that  would  likely  have  occurred  anyway  as  units  trained,  even  if  there  had 
not  been  a  contingency.  The  training  demand  offset  quantity  is  the  quantity  demanded  of  an 
item  that  can  he  attributed  to  training.  Thus,  to  subtract  training  demands  from  forecasts  of 
contingency  demand,  we  remove  the  training  demand  offset  quantity  from  the  contingency 
demand  quantity  to  arrive  at  what  we  call  the  post-offset  contingency  demand  quantity  on  which 
the  war  reserve  allocation  can  be  based.  We  call  the  removal  of  training  demands  from  contin¬ 
gency  demand  data  applying  the  training  demand  offset. 

The  offset  percentage  and  training  demand  offset  can  be  computed  as  follows:^ 

^  (Demands  in  CY  2003  -  Demands  in  CY  2002) 

(Jrrset  Percentage  =1 - 

OIF  Demands  in  2003 


Training  Demand  Offset  Quantity  =  (Offset  Percentage)  X  (Contingency  Demand  Quantity) 

For  example,  if  the  quantity  demanded  of  an  item  in  CY  2002  was  80,  and  the  quantity 
demanded  in  CY  2003  was  100,  of  which  40  was  for  operations  in  OIF,  then  the  offset  per¬ 
centage  for  this  item  would  be 

Offset  Percentage  =  1  —  =  5q%  . 

40 

That  is,  50  percent  of  the  contingency  demands  for  this  item  would  likely  have  occurred 
anyway  just  to  support  unit  training. 

If  the  contingency  demand  quantity  for  this  item  was  28,  then 

Training  Demand  Offset  Quantity  =  50%  X  28  =  14. 

Applying  the  training  demand  offset,  we  see  that  the  post-offset  contingency  demand 
quantity  would  be  28  -  14  =  14.  In  other  words,  the  quantity  of  14,  not  28,  is  the  value  on 
which  the  war  reserve  requirement  should  be  based. 


Application  of  the  Training  Demand  Offset 

The  post-offset  contingency  demand  quantity  reflects  the  marginal  increase  in  demands  attrib¬ 
utable  to  contingency  operations.  But  the  timing  of  contingency  demands  is  also  important: 
Filling  demands  early  in  a  contingency  is  critical  to  unit  readiness  and  to  minimizing  opera¬ 
tional  risk.  Thus,  the  training  demand  offset  must  be  applied  in  such  a  way  as  to  preserve  the 
timing  of  contingency  demands. 

In  addition,  as  previously  stated,  one  purpose  of  WRSI  is  to  supply  additional  sustain¬ 
ment  materiel  at  the  beginning  of  a  contingency  until  the  industrial  base  can  respond.  WRSI 


^  The  offset  percentage  was  limited  to  values  between  0  and  100  percent.  For  readiness  drivers,  the  maximum  offset  per¬ 
centage  was  set  to  80  percent  to  avoid  offsetting  the  entire  demand  forecast  for  these  important  items. 
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inventory  to  satisfy  initial  contingency  demands  may  arrive  via  airlift  (non-forward-positioned 
items)  or  come  from  forward-positioned  theater-based  inventory  that  is  replenished  via  sealift. 

Inventory  that  is  not  forward  positioned,  i.e.,  it  is  positioned  in  CONUS,  can  be  used 
effectively  and  efficiently  from  the  start  of  a  contingency,  because  the  use  of  airlift  to  replenish 
these  items  is  cost-effective  and  not  overly  burdensome  to  strategic  airlift.  Therefore,  for  non¬ 
forward-positioned  items,  the  training  demand  offset  may  be  applied  starting  from  the  first  day 
of  the  contingency  to  reflect  the  fact  that  baseline  inventory  to  support  training  is  immediately 
available  to  support  contingency  demands  via  airlift. 

On  the  other  hand,  forward-positioned  inventory  is  intended  to  serve  as  starter  stock  for 
theater  inventory  and  to  be  replenished  via  sealift.  (In  other  words,  by  definition,  the  baseline 
level  of  stock  in  CONUS  to  support  training  demands  cannot  substitute  for  inventory  that 
should  be  in  theater  at  the  very  start  of  a  contingency.)  Thus,  for  forward-positioned  items,  the 
training  demand  offset  is  applied  after  the  first  60  days — or  other  assumed  sealift  replenish¬ 
ment  time — to  reflect  the  fact  that  baseline  inventory  to  support  training  is  available  to  sup¬ 
port  contingency  demands  once  the  sealift  channel  has  been  established.^  These  concepts  are 
illustrated  in  Figure  3.1. 

Figure  3.1 

The  Training  Demand  Offset  Is  Not  Immediately  Applied  to  Forward-Positioned  Items 


RAND  TR793-3.1 


^  The  Army  is  working  with  the  Defense  Logistics  Agency  (DLA)  to  set  theater  inventory  levels  to  support  training 
demands  for  units  based  in  Northeast  Asia.  At  a  later  date,  this  theater  inventory  may  be  integrated  with  WRSI,  but  this 
inventory  was  not  accounted  for  in  this  quick-turn  analysis. 
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To  accomplish  the  dual  purposes  of  preserving  the  timing  of  contingency  demands  and 
applying  the  training  demand  offset  to  reflect  replenishment  timelines,  contingency  demand 
data  for  each  item  were  summed  into  ten-day  time  periods,  or  “buckets.”  The  first  bucket  was 
the  quantity  of  an  item  demanded  in  the  first  ten  days  of  a  contingency;  the  second  bucket 
was  the  quantity  of  an  item  demanded  in  the  second  ten  days  of  a  contingency,  and  so  forth. 
Because  the  contingency  demand  data  streams  each  contained  six  months  of  data,  there  were 
18  buckets  for  each  item. 

The  training  demand  offset  was  applied  to  the  buckets  differently,  depending  on  whether 
the  item  was  intended  to  be  forward  positioned  or  not.  For  non-forward-positioned  items, 
the  training  demand  offset  quantity  was  subtracted,  in  order,  from  the  first  bucket  to  the 
last  bucket  until  the  entire  training  demand  offset  quantity  was  subtracted  from  the  contin¬ 
gency  demand  quantity.^  For  forward-positioned  items,  the  training  demand  offset  quantity 
was  similarly  subtracted,  in  order,  from  the  seventh  bucket  (after  60  days  or  other  assumed 
sealift  replenishment  time)  to  the  last  bucket.  The  result  was  post-offset  contingency  demand 
data  grouped  into  buckets  that  preserved  the  timing  of  demands  and  that  reflected  replenish¬ 
ment  timelines. 

Subtracting  the  training  demand  offset  in  this  manner  meant  that  the  remaining  demands 
early  in  post-offset  contingency  demand  data  were  for  items  that  had  no,  or  limited,  training 
demand  offset  or  that  were  intended  to  serve  as  starter  stocks  for  theater  inventory.  Thus,  filling 
these  early  demands  is  critical  to  minimizing  operational  risk  at  the  beginning  of  a  conflict. 


Production  Offsets 

The  training  demand  offset  accounts  for  inventory  already  in  the  military  supply  system  to  sup¬ 
port  training  and  maintain  readiness.  Similarly,  a  production  offset  reflects  additional  inven¬ 
tory  that  the  commercial  and  industrial  bases  can  produce  once  they  have  had  time  to  increase 
production  capacity  in  response  to  higher  demand  rates. 

A  production  offset  should  be  applied  to  the  contingency  demand  data  after  the  time 
period  required  by  the  industrial  base  to  respond  to  higher  demand  rates.  This  time  period 
will  typically  vary  by  industry  and  commercial  application,  according  to  the  item.  In  addition, 
most  Army-managed  items  have  lengthy  procurement  lead  times  that  add  to  the  time  required 
by  the  industrial  base  to  respond  to  increased  demands,  thus  limiting  the  production  offset 
potential  very  early  in  a  conflict.  Note  that  if  the  potential  production  capacity  falls  short  of 
projected  contingency  demands,  then  war  reserve  would  be  needed  to  support  forces  for  the 
duration  of  the  conflict  and  would  be  replenished  after  the  conflict  ends. 

Because  of  the  quick  turnaround  nature  of  this  project  and  the  fact  that  there  is  limited 
production  offset  potential  early  in  a  conflict,  a  production  offset  was  not  applied  to  the  con¬ 
tingency  demand  data.  Army  G-4  later  asked  the  Defense  Logistics  Agency  (DLA)  to  compute 
an  item-level  production  offset  based  on  the  commercial  and  industrial  base  capacity. 


^  See  Appendix  B  for  an  example  of  the  application  of  the  training  demand  offset. 
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Construction  of  Benefit  Functions 

The  third  step  in  the  resource  allocation  methodology  was  to  construct  benefit  functions  that 
modeled  the  benefit  of  stocking  an  item  and  that  took  into  account  whether  the  item  was 
required  early  or  late  in  a  contingency^  The  benefit  functions  were  also  intended  to  reflect  each 
item’s  contribution  to  readiness. 

At  the  end  of  the  second  step,  we  had  constructed  post-offset  contingency  demand  data 
grouped  into  buckets  that  preserved  the  timing  of  demands  and  that  reflected  replenishment 
timelines.  As  previously  stated,  these  values  reflected  demands  for  items  that  had  no,  or  limited, 
training  demand  offset  or  that  were  intended  to  serve  as  starter  stocks  for  theater  inventory. 

Using  the  average  requisition  demand  quantity,  we  can  relate  the  number  of  contingency 
requisitions  that  would  be  filled  (benefit)  to  the  amount  of  inventory  needed  to  achieve  this 
benefit  in  each  ten-day  time  period,  thereby  still  preserving  the  timing  of  the  contingency 
demands.  For  example,  if  a  contingency  demand  quantity  of  6  in  the  first  time  period  repre¬ 
sented,  on  average,  1.5  requisitions,  then  a  benefit  of  1.5  would  be  achieved  for  an  inventory 
level  of  6  for  this  item. 

The  benefit  in  time  periods  after  the  first  time  period  was  then  discounted  to  empha¬ 
size  filling  demands  early  versus  late  in  a  contingency.  For  example,  if  a  contingency  demand 
quantity  of  9  in  the  second  time  period  represented,  on  average,  2.25  requisitions,  then  an 
additional  benefit  of,  say,  0.6  I  2.25  =  1.35  would  be  achieved  for  an  additional  9  in  inventory, 
assuming  that  the  discount  factor  was  0.6  in  the  second  time  period.  The  benefit  function  for 
this  item  is  depicted  in  Figure  3.2. 

Thus,  the  benefit  of  stocking  an  item  was  represented  as  a  concave,  piecewise  linear  func¬ 
tion.  Its  graph  consisted  of  line  segments  with  positive,  but  decreasing,  slopes,  reflecting  the 
fact  that  stocking  increasing  amounts  of  an  item  is  of  decreasing  benefit. 

For  non-readiness  drivers,  the  slope  of  each  line  segment  depended  on  two  factors:  (1)  the 
reciprocal  of  the  average  customer  requisition  quantity  and  (2)  the  weighting  that  is  given  to 
the  time  period,  i.e.,  the  discount  factor.  How  long  the  slope  was  maintained  was  determined  by 
the  post-olFset  contingency  demand  quantity  for  the  time  period.  If  the  item  demand  quantity 
was  small  for  a  time  period,  the  slope  was  maintained  for  a  smaller  quantity. 

We  used  the  reciprocal  of  the  average  customer  requisition  quantity  to  model  the  ben¬ 
efit  of  filling  contingency  requisitions.  In  particular,  the  benefit  was  derived  from  the  number 
of  requisitions  filled  as  opposed  to  the  quantity  filled.'^  Thus,  we  treated  requisitions  equally 
regardless  of  whether  they  were  for  items  typically  requested  in  small  or  large  order  quanti¬ 
ties.  For  example,  setting  aside  the  weighting  by  the  item’s  readiness  contribution,  filling  one 
requisition  for  100  washers  was  reflected  in  a  total  benefit  of  one  requisition  filled;  filling  one 
hundred  requisitions  for  a  quantity  of  one  engine  was  reflected  in  a  benefit  of  100  fills.  This 
method  also  allowed  benefit  to  be  given  for  partial  fills. 


^  More  details  about  the  construction  of  benefit  functions  can  be  found  in  Appendix  B. 

Customer  requisitions  are  typically  submitted  by  maintenance  or  operational  personnel  into  the  supporting  Supply  Sup¬ 
port  Activity  (SSA).  For  spare  parts,  each  requisition  is  assumed  to  be  for  one  among  several  types  of  parts  required  to  com¬ 
plete  a  work  order.  This  assumption  can  be  complicated  by  the  existence  of  lower  echelons  of  inventory  that  are  replenished 
in  lot-size  quantities. 
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Figure  3.2 

The  Benefit  Function  of  an  Item  Is  Increasing  at  a 
Decreasing  Rate 


Inventory  level 
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Demand  Demand  Demand 

quantity  in  quantity  in  quantity  in 
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RAND  TR793-3.2 

The  weighting  of  the  time  periods  was  determined  by  Army  G-4,  which  indicated  that 
the  resource  allocation  should  focus  on  filling  the  first  60  days  of  demand  across  both  contin¬ 
gency  demand  forecasts.  Therefore,  more  benefit  was  assigned  to  filling  demands  in  the  early 
time  periods  than  to  filling  demands  in  later  time  periods.  Subsequent  time  periods  were  dis¬ 
counted,  or  weighted  less  heavily,  resulting  in  a  concave  function. 

Readiness  Drivers  Receive  Additional  Benefit 

For  non-readiness  drivers,  the  benefit  was  completely  determined  by  the  reciprocal  of  the  aver¬ 
age  customer  request  quantity  and  the  discount  factor  of  the  time  periods.  However,  additional 
benefit  was  given  to  readiness  drivers  identified  by  the  database  of  all  deadlining  demands  used 
by  the  Equipment  Downtime  Analyzer  (EDA).^  That  is,  the  benefit  function  for  each  item  was 
multiplied  by  an  empirically  derived  probability  that  the  item  would  deadline  an  end  item  (the 
number  of  deadlining  demands  in  the  EDA  database  divided  by  the  total  number  of  demands). 
This  concept  is  illustrated  in  Figure  3.3. 

The  benefit  functions  were  also  multiplied  by  a  multiplicative  readiness  weighting  factor 
chosen  by  the  user.  The  larger  the  readiness  weighting  factor  chosen  by  the  user,  the  more  ben¬ 
efit  readiness  drivers  had  compared  to  non-readiness  drivers,  therefore  the  more  likely  readiness 
drivers  were  selected  for  the  solution. 


^  See  Peltz  et  al.  (2002).  Our  analysis  used  the  percentage  of  demands  in  the  EDA  database  versus  the  total  demands 
Army-wide  over  the  prior  three  years. 
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Figure  3.3 

The  Benefit  Function  of  Readiness  Drivers  Is  Increased 
Based  on  How  Critical  the  Item  Is  to  Readiness 


Demand 
quantity  in 
Period  1 


Inventory  level 


Demand  Demand 

quantity  in  quantity  in 

Period  2  Period  3 
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Combining  Benefit  Functions  Creates  a  More  Robust  Solution 

After  the  benefit  functions  were  created  for  each  post-offset  contingency  demand  stream,  the 
two  benefit  functions  were  combined  to  create  a  single  concave,  piecewise  linear  benefit  func¬ 
tion  as  seen  in  Figure  3.4.®  Combining  multiple  benefit  functions  increases  the  robustness  of 
the  solution  by  weighting  items  and  quantities  that  are  common  across  different  contingency 
demand  streams  more  heavily  and  avoids  creating  a  solution  that  is  tailored  too  closely  to  one 
specific  instance  of  contingency  demands.^  Any  number  of  alternative  contingency  demand 
streams  can  be  linearly  combined  to  improve  robustness. 


Comparison  Across  Benefit  Functions 

The  final  step  in  the  resource  allocation  methodology  was  to  compare  the  benefit  functions 
across  all  items  and  use  marginal  analysis  to  maximize  the  benefit  of  the  available  resources. 
In  short,  we  maximized  the  discounted  number  of  contingency  requisitions  filled,  constrained 
by  a  fixed  budget. 

The  benefit-to-cost  ratio  for  adding  another  asset  of  each  item  was  computed  by  dividing 
the  marginal  benefit,  i.e.,  the  slope,  by  the  unit  price.  These  benefit-to-cost  ratios  were  then 


®  A  linear  combination  of  concave  piecewise  linear  function  is  also  concave,  piecewise,  and  linear. 

^  It  is  possible  to  give  more  weight  to  one  contingency  demand  stream  than  to  another.  We  chose  to  give  equal  weight  to 
both  demand  streams  because  there  was  no  reason  to  believe  that  the  2003  contingency  demand  stream  was  better  than  that 
from  2006. 
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Figure  3.4 

Benefit  Functions  Can  Be  Combined  to  Increase  the 
Robustness  of  the  Solution 


ranked  from  highest  to  lowest.  The  inventory  levels  associated  with  the  highest  henefit-to-cost 
ratios  were  selected  until  the  available  budget  limit  was  reached. By  investing  the  next  dollar 
on  the  item  with  the  largest  benefit-to-cost  ratio,  limited  funds  were  optimized  to  select  the 
items  providing  the  most  benefit. 


Marginal  analysis  is  optimal  for  this  resource  allocation.  See  Hugh  Everett,  III,  “Generalized  Lagrange  Multiplier 
Method  for  Solving  Problems  of  Optimum  Allocation  of  Resources,”  Operations  Research,  Vol.  11,  1963,  pp.  399-417; 
Bennett  Fox,  “Discrete  Optimization  via  Marginal  Analysis,”  Management  Science,  Vol.  13,  No.  3,  1966,  pp.  210-216; 
and  Craig  Sherbrooke,  Optimal  Inventory  Modeling  of  Systems:  Multi-Echelon  Techniques,  2nd  ed.,  Norwell,  Mass.:  Kluwer 
Academic  Publishers,  2004.  An  example  of  marginal  analysis  can  be  found  in  Appendix  B. 


CHAPTER  FOUR 


Solutions  and  Conclusions 


In  this  chapter,  we  present  two  solutions  for  the  budgeted  FY  2007  WRSI  funding  using  dif¬ 
ferent  discount  factors,  i.e.,  weightings  of  the  time  periods,  hut  the  same  readiness  weighting 
factor.  Then  we  present  some  conclusions  and  recommendations  about  war  reserve  require¬ 
ments  and  resourcing. 


Two  Solutions 

Two  solutions  were  presented  to  Army  G-4  for  their  consideration,  using  different  weight¬ 
ings  of  the  time  periods  but  the  same  readiness  weighting  factor.  For  Solution  1,  the  discount 
factor  for  the  first  time  period  was  1;  that  for  the  second  time  period  was  0.6;  that  for  the  third 
time  period  was  (0.6)^;  and  so  on.  In  general,  the  discount  factor  for  the  ;zth  time  period  was 

(0.6)<”-'A 

For  Solution  2,  the  discount  factors  ranged  from  1,000  for  the  first  time  period  to  0.01 
for  the  last  time  period,  as  seen  in  Table  4.1.  Solution  2  was  the  result  of  weighting  the  first  six 
time  periods  very  heavily  so  that  there  was  significantly  more  benefit  to  fulfilling  contingency 
demands  in  the  first  60  days  than  doing  so  later.  Army  G-4  chose  Solution  2  to  emphasize  fill¬ 
ing  early  forecasted  demands  and  subsequently  used  it  as  the  basis  for  FY  2008  spending  on 
war  reserve  materiel  for  a  Northeast  Asia  scenario. 

Tables  4.2  and  4.3  show  a  comparison  of  the  aggregate  characteristics  of  the  two  solu¬ 
tions.  Table  4.2  shows  that  the  two  solutions  are  very  similar  in  terms  of  number  of  items  and 


Table  4.1 

Discount  Factors  Used  in  Solutions  1  and  2 


Time  Period 

Solution 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

10  +  n 

1 

1 

0.6 

0.36 

0.22 

0.13 

0.08 

0.05 

0.03 

0.02 

0.01 

0.6 

2 

1,000 

500 

250.00 

125.00 

62.50 

31.25 

0.5 

0.35 

0.245 

0.17 

0.1 7  X  (0.7)" 

'  The  value  0.6  was  chosen  to  exponentially  decrease  the  weighting  on  successive  time  periods.  Other  values  between  0 
and  1  can  also  be  used  to  achieve  a  concave,  piecewise,  linear  benefit  function. 
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Table  4.2 

A  Comparison  of  the  Value,  Volume,  and  Weight  of  the  Solutions 


Value 

Volume 

Weight 

Solution 

No.  of  Items 

($  millions) 

(millions  of  cu.  ft.) 

(millions  of  lb.) 

1 

15,347 

470 

3.86 

75.1 

2 

15,042 

468 

3.09 

60.6 

NOTE:  Although  the  resource  constraint  in  the  allocation  was  set  to  $467 
million,  the  total  resources  used  were  slightly  more  due  to  rounding. 


Table  4.3 

A  Comparison  of  the  Item  Characteristics  of  the  Solutions 


Solution 

No.  of 
Forward- 
Positioned 
Items 

No.  of 
Class  9 
Items 

No.  of 
Army- 
Managed 
Items 

No.  of 
Non-Army 
Managed 
Items 

No.  of  EDA 
Critical 
Items 

1 

1,679 

12,563 

2,179 

13,168 

9,066 

2 

1,682 

12,333 

2,072 

12,970 

8,926 

dollar  value,  but  Solution  1  produces  more  volume  and  weight  than  Solution  2.  The  item  char¬ 
acteristics  of  the  solutions  are  also  very  similar,  as  seen  in  Table  4.3. 

Although  the  two  solutions  are  relatively  similar,  the  different  discount  factors  resulted  in 
solutions  that  were  very  different  in  terms  of  demand  weight  accounted  for  at  the  beginning 
of  a  contingency.  Specifically,  Solution  2  accounts  for  more  of  the  early  demand  weight  of  the 
March-September  2003  and  January-June  2006  OIF  data. 

Table  4.4  shows  the  total  weight  accounted  for  with  respect  to  the  March-September 
2003  OIF  data.  Table  4.5  shows  the  same  for  the  time-phased  January-June  2006  OIF  data. 
The  weight  accounted  for  was  split  into  10-day  time  periods.  Only  the  first  nine  10-day  time 
periods  of  the  contingency  demands  were  included  in  the  tables,  because  of  space  consider¬ 
ations,  but  these  early  time  periods  illustrate  the  difference  between  the  two  solutions.  The 
third  row  in  each  table  shows  the  difference  in  the  total  weight  accounted  for  by  Solution  1 
versus  Solution  2;  it  is  the  difference  between  the  first  and  second  rows.  Negative  values  in  this 
row  are  highlighted  and  indicate  that  Solution  2  accounted  for  more  of  the  weight  than  Solu¬ 
tion  1 .  For  reference,  the  last  row  in  each  table  is  the  total  weight  represented  by  the  contin¬ 
gency  demand  stream.  Comparing  the  first  two  rows  to  the  last  row,  we  see  that  both  solutions 
account  for  a  large  proportion  of  the  weight  of  the  contingency  demand  streams. 

From  these  tables,  we  can  conclude  that,  as  a  result  of  the  different  time  period  weight¬ 
ing,  Solution  2  allocated  funding  to  more  completely  fill  the  early  (first  60  days)  demands  in 
both  forecasts.  Solution  2  also  placed  additional  emphasis  on  items  that  were  to  be  forward 
positioned  because  these  items  did  not  have  a  training  offset  in  the  first  60  days. 
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Table  4.4 

Total  Weight  (in  Millions  of  Pounds)  Accounted  for  by  Solution,  by  Time  Period,  for 
March-September  2003  OIF  Data 


Time  Period 

Solution 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

3.49 

5.30 

4.02 

4.93 

4.46 

6.92 

3.97 

4.19 

3.99 

2 

3.51 

5.32 

4.04 

5.03 

4.53 

7.00 

2.87 

2.52 

2.37 

Solution  1 
minus 
Solution  2 

-0.02 

-0.02 

-0.02 

-0.10 

-0.07 

-0.08 

1.10 

1.67 

1.62 

Total 
Weight  in 
Demand 
Forecast 

3.64 

5.56 

4.28 

5.86 

5.48 

7.18 

5.37 

5.40 

7.74 

Table  4.5 

Total  Weight  (in  Millions  of  Pounds)  Accounted  for  by  Solution,  by  Time  Period,  for  Time-Phased 
January-June  2006  OIF  Data 


Time  Period 


Solution 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

0.95 

2.25 

3.99 

5.65 

8.58 

4.06 

3.78 

4.69 

3.71 

2 

0.95 

2.26 

4.01 

5.74 

9.27 

4.28 

2.89 

2.70 

2.54 

Solution  1 
minus 
Solution  2 

0 

-0.01 

-0.02 

-0.09 

-0.69 

-0.22 

0.89 

1.99 

1.17 

Total 
Weight  in 
Demand 
Forecast 

0.98 

2.32 

4.13 

6.17 

10.20 

4.46 

4.27 

5.29 

4.73 

Conclusions  and  Recommendations 

War  reserve  materiel  is  intended  to  relieve  the  initial  strain  on  the  supply  chain  hy  providing 
additional  inventory  to  meet  the  increased  operating  tempo  and  demand  rates  of  units  in  con¬ 
tingency  operations  until  the  production  base  can  surge.  In  addition,  forward  positioning  of 
war  reserve  should  he  used  to  avoid  excessive  early  sustainment  airlift  requirements. 

Based  on  the  research  completed  for  this  analysis,  we  make  the  following  recommenda¬ 
tions  for  improving  the  war  reserve  requirements  determination  process: 

1.  Ensure  that  the  requirements  determination  process  is  flexible  and  agile  so  that  it  can 
be  updated  quickly  as  equipment,  operational  forecasts,  and  empirical  demand  data 
change. 

2.  Base  the  requirements  determination  process  on  the  increase  in  forecasted  demands. 
That  is,  take  into  account  inventory  already  in  the  supply  system  to  support  training. 
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3.  Focus  war  reserve  resources  on  those  items  that  should  he  forward  positioned  in  order  to 
avoid  the  excessive  early  sustainment  airlift  burden  and  on  those  items  for  which  addi¬ 
tional  inventory  minimizes  the  risk  to  operational  readiness. 

The  hrst  point  is  important,  because  the  war  reserve  requirement  determination  process 
must  be  repeated  each  time  war  reserve  funding  is  available,  in  order  to  update  the  beneht 
functions  to  reflect  existing  assets  already  in  war  reserve,  to  ensure  that  new  and  upgraded 
items  are  included  in  war  reserve,  and  to  ensure  that  outdated  items  are  removed  from  war 
reserve.  Attention  must  also  be  paid  to  items  that  are  not  used  in  peacetime,  such  as  chemical 
protective  suits. 

The  second  point  reemphasizes  that  the  training  demand  offset  can  provide  a  significant 
resource  to  offset  war  reserve  requirements  and  that  this  offset  varies  by  item.  A  production 
offset  should  also  be  applied  to  reduce  the  war  reserve  requirement. 

The  last  point — that  the  war  reserve  should  focus  on  items  that  reduce  operational  risk 
and/or  airlift  requirements — serves  to  emphasize  the  goals  ofWRSI.  Forward-positioned  items 
should  include  low-cost  volume  and  weight  drivers  to  reduce  the  airlift  requirement.  Items  that 
experience  demand  increases  in  a  contingency,  have  long  production  lead  times,  and/or  tend 
to  experience  supply  chain  shortages  early  in  an  operation — particularly  those  that  are  EDA 
critical — should  also  be  included  in  war  reserve  to  reduce  operational  risk. 

In  the  near  term,  as  demands  from  the  units  deployed  in  Southwest  Asia  (SWA)  decrease, 
a  potential  opportunity  exists  that  may  allow  the  Army  to  benefit  in  two  ways:  (1)  the  increased 
supply  chain  inventory  levels  resulting  from  the  earlier  increased  operating  tempo  may  be  used 
to  fill  the  WRSI  requirement  as  the  operating  tempo  decreases,  and  (2)  retaining  the  items 
required  for  forward  positioned  war  reserve  in  SWA  would  allow  inventory  to  be  available  in 
the  theater.  In  both  cases,  the  computation  of  appropriate  inventory  levels  below  which  inven¬ 
tory  should  not  be  drawn  down,  i.e.,  the  war  reserve  requirement,  would  enable  the  Army 
to  avoid  later  unnecessary  and  expensive  additional  procurement  of  materiel  to  resource  war 
reserve  for  SWA. 


APPENDIX  A 


Changes  in  Demands  with  the  Onset  of  Operation  Iraqi  Freedom 


This  appendix  describes  in  more  detail  the  changes  in  demand  that  occurred  with  the  onset  of 
OIF.  Increases  as  well  as  decreases  in  demand  accompanied  the  start  of  OIF.  Table  A.l  includes 
only  NIINs  that  experienced  an  increase  in  demands  between  CYs  2002  and  2003,  whereas 
Table  A.2  includes  only  those  that  experienced  a  decrease  in  demands  between  CYs  2002  and 
2003. 

A  comparison  of  Tables  A.l  and  A.2  shows  that  for  the  subset  of  NIINs  for  which  CY 
2003  demands  were  greater  than  CY  2002,  there  was  an  increase  of  $4.9  billion  in  demand 
value.  For  the  subset  of  NIINs  with  a  decrease  from  CY  2002  to  CY  2003,  there  was  a 
decrease  of  $1.4  billion  in  demand  value.  Table  A.3  shows  the  change  in  demand  by  ACOM. 
The  number  of  SSAs  indicates  the  number  of  units  supported  by  that  ACOM.  ARCENT 


Table  A.l 

NIINs  with  an  Increase  in  Demands  Between  CYs  2002  and  2003 


Subset  of  NIINs 

No.  of  NIINs 
(thousands) 

Difference  in  Number 
of  Demands  in 

CY  2003  over  Number  of 
Demands 
in  CY  2002 
($  millions) 

Difference  in  Value 
of  Demands  in 

CY  2003  over  Value  of 
Demands 
in  CY  2002 
($  billions) 

Difference  in  Volume 
of  Demands  in 

CY  2003  over  Volume 
of  Demands  in  CY 
2002 

(100,000  of  cu.  ft.) 

NIINs  with  demands 
in  both  CYs  2002  and 
2003 

109 

3.0 

4.5 

60 

NIINs  with  demands  in 
CYs  2002  or  2003 

185 

3.2 

4.9 

62 

Table  A.2 

NIINs  with  a  Decrease  in  Demands  Between  CYs  2002  and  2003 


Subset  of  NIINs 

No.  of  NIINs 
(thousands) 

Difference  in 
Number  of  Demands  in 
CY  2003  over  Number  of 
Demands 
in  CY  2002 
($  millions) 

Difference  in  Value 
of  Demands  in 

CY  2003  over  Value  of 
Demands 
in  CY  2002 
(S  billions) 

Difference  in  Volume 
of  Demands  in 

CY  2003  over  Volume 
of  Demands  in  CY 
2002 

(100,000  of  cu.  ft.) 

NIINs  with  demands 
in  both  CYs  2002  and 
2003 

68 

-0.3 

-1.1 

-2.2 

NIINs  with  demands  in 
CYs  2002  or  2003 

120 

-0.4 

-1.4 

-2.6 
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Table  A. 3 

Change  in  Demands  Between  CYs  2002  and  2003,  by  Army  Command 


ACOM 

No.  of  SSAs  in 
2003 

Difference  in 
Number  of  Demands 
in  CY  2003  over 
Number  of  Demands 
in  CY  2002 
($  millions) 

Difference  in  Value 
of  Demands  in 

CY  2003  over  Value 
of  Demands 
in  CY  2002 
(S  billions) 

Difference  in  Volume 
of  Demands  in 

CY  2003  over  Volume 
of  Demands  in  CY 
2002 

(100,000  of  cu.  ft.) 

ARGENT 

107 

3.6 

4.6 

20.0 

FORSCOM 

144 

-0.6 

-0.9 

0.1 

USAREUR 

56 

-0.4 

-0.3 

0.4 

TRADOC 

16 

0.1 

0.2 

0.3 

NOTE:  Not  all  major  commands  were  included  in  this  table. 


and  the  U.S.  Army  Training  and  Doctrine  Command  (TRADOC)  incurred  the  hulk  of  the 
increase  in  demands,  while  FORSCOM  and  USAREUR  were  responsible  for  the  majority  of 
the  decrease.  In  summary,  the  extent  of  the  training  demand  offset  is  quite  large  and  can  rep¬ 
resent  meaningful  reductions  in  war  reserve  requirements. 


APPENDIX  B 


Details  of  the  Resource  Allocation  Methodology 


This  appendix  describes  the  details  of  the  resource  allocation  methodology.  First,  we  grouped 
or  “bucketed”  the  contingency  demand  data  into  ten-day  time  periods  to  preserve  the  timing 
of  demands.  Second,  we  computed  the  training  demand  offset  and  applied  it  to  the  buck¬ 
eted  contingency  demand  data  so  that  war  reserve  would  be  based  on  the  marginal  increase 
in  demands  due  to  the  contingency.  The  application  of  the  offset  preserved  the  timing  of 
the  demands  and  reflected  replenishment  timelines.  Third,  using  the  post-offset  contingency 
demand  data  from  the  second  step,  we  constructed  benefit  functions  that  modeled  the  benefit 
of  stocking  an  item.  Finally,  we  compared  the  benefit  functions  across  all  NIINs  to  optimize 
the  resource  allocation. 


Grouping  of  Contingency  Demand  Data 

First,  we  grouped  the  contingency  demand  data  to  preserve  the  timing  of  the  demands. 
Demands  were  grouped  into  ten-day  time  periods  or  “buckets.”  This  translated  into  18  ten-day 
buckets  for  the  two  six-month  contingency  demand  streams  of  March-September  2003  and 
time-phased  January-June  2006  OIF  data. 

The  number  of  demands  (in  this  case  one  demanded  on  each  of  seven  days  for  different 
quantities)*  and  the  sum  of  the  total  quantity  demanded  in  each  bucket  was  recorded.  The 
sum  of  the  quantity  demanded  or  “bucket  quantity”  for  each  bucket  was  then  aggregated.  The 
cumulative  bucket  quantity  represented  the  inventory  level  required  to  cover  demands  in  the 
first  10,  20,  30,  etc.  days  of  the  contingency  demand  forecast.  These  values  were  recorded  in  a 
contingency  demand  bucket  table  as  shown  in  Figure  B.l. 

In  the  upper  half  of  this  figure,  the  timing  and  quantity  of  demands  for  an  item  are 
shown.  In  all,  there  are  seven  demands  for  the  item  with  a  total  demand  quantity  of  28.  Group¬ 
ing  the  demands  into  ten-day  buckets  yields  the  cumulative  bucket  quantities  6,  15,  and  28. 


Application  of  the  Training  Demand  Offset 

Second,  after  the  contingency  demand  data  were  bucketed  to  preserve  the  timing  of  the 
demands,  we  applied  the  training  demand  offset,  that  is,  we  subtracted  training  demands  from 
the  contingency  demands. 


*  There  can  be  multiple  demands  on  the  same  day. 
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Figure  B.1 

Grouping  of  Contingency  Demand  Data 


Contingency  Demand  Bucket  Table 


Assuming  these  are  all  the 
demands  for  this  NIIN,  then: 

Total  number  of  demands  =  7 
Total  quantity  =  28 


Bucket 

Number 

Bucket 

Quantity 

Cumulative 
Bucket  Quantity 

1 

6 

6 

2 

9 

15 

3 

13 

28 

RAND  TR793-B.t 


Cumulative  Bucket  Quantity  represents  inventory  level 
needed  to  cover  demands  in  the  first  10,  20,  30  days 


To  do  this,  we  first  computed  the  training  demand  offset.  In  the  example  used  in  the 
main  text,  the  quantity  demanded  of  an  item  in  CY  2002  was  80;  the  quantity  demanded  in 
CY  2003  was  100,  of  which  40  was  for  operations  in  OIF;  and  the  offset  percentage  for  this 
item  was^ 


Offset  Percentage  =  1 - — - =  50%. 

If  the  contingency  demand  quantity  for  this  item  was  28,  then 

Training  Demand  Offset  Quantity  =  50%  X  28  =  14. 

As  previously  stated,  for  non-forward-positioned  NIINs,  the  training  demand  offset  was 
subtracted  beginning  with  the  first  bucket  to  the  last  bucket  until  the  entire  training  demand 
offset  quantity  was  subtracted  from  the  contingency  demand  quantity.  For  forward-positioned 
NIINs,  the  training  demand  offset  quantity  was  similarly  subtracted  in  order  from  the  seventh 
bucket  (after  60  days  or  after  other  assumed  sealift  replenishment  time)  to  the  last  bucket. 

Figure  B.2  shows  the  original  and  the  resulting  bucket  tables — depending  on  whether 
the  NIIN  is  forward  positioned  or  not.  In  this  example,  the  training  demand  offset  quantity 


^  As  previously  mentioned,  the  offset  percentage  was  limited  to  between  0  and  100  percent.  For  readiness  drivers,  the 
maximum  offset  percentage  was  set  to  80  percent  to  avoid  offsetting  the  entire  demand  forecast  for  these  important  items. 
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Figure  6.2 

The  Application  of  the  Training  Demand  Offset  Changes  the  Contingency  Demand  Bucket 


Original  Bucket  Table 


Bucket 

Number 

Bucket 

Quantity 

Cumulative 
Bucket  Quantity 

1 

6 

6 

2 

9 

15 

3 

13 

28 

Example:  Offset  percentage  =  1  -  (CY  2003  -  CY  2002)/(OIF  2003)  =  1  -  (100-80)740  =  50% 
Training  demand  offset  =  60%  x  (contingency  demand  forecast)  =  50%  x  28  =  14 
Offset  is  applied  to  forward-stocked  NIINs  after  first  60  days  (beginning  with  Bucket  #7) 


Non-Forward-Stocked  NUN  Bucket  Table 


Bucket 

Number 

Bucket 

Quantity 

Cumulative 
Bucket  Quantity 

1 

0 

0 

2 

1 

1 

3 

13 

14 

RAND  TR793-B.2 


Forward-Stocked  NUN  Bucket  Table 


Bucket 

Number 

Bucket 

Quantity 

Cumulative 
Bucket  Quantity 

1 

6 

6 

2 

9 

15 

3 

13 

28 

Since  there  are  no  demands  after  the  first 
60  days,  no  offset  needs  to  be  removed. 


of  14  was  subtracted  from  the  first  bucket  and  part  of  the  second  bucket  for  the  non¬ 
forward-positioned  NUN.  There  is  no  change  in  the  bucket  table  for  the  forward-positioned 
NIIN,  because  there  are  no  demands  in  the  seventh  to  the  last  buckets.^ 


Construction  of  Benefit  Functions 

Third,  after  the  post-offset  contingency  demand  bucket  tables  were  created,  we  constructed 
the  benefit  functions.  Using  the  average  requisition  demand  quantity,  we  related  the  number 
of  contingency  requisitions  that  would  be  filled  (benefit)  to  the  amount  of  inventory  needed  to 
achieve  this  benefit  in  each  bucket.^ 

The  benefit  of  stocking  an  item  was  represented  as  a  concave,  piecewise  linear  function, 
that  is,  as  line  segments  with  positive,  decreasing  slopes.  For  non-readiness  drivers,  the  slope  of 
each  line  segment  depended  on  two  factors: 

•  the  reciprocal  of  the  average  customer  requisition  quantity 

•  the  weighting  that  is  given  to  the  time  period  or  bucket. 


^  Typically,  there  will  be  demands  in  Days  61-180,  but  for  this  example  to  fit  we  only  showed  demands  through  Day  30. 

^  Customer  requisitions  are  typically  submitted  by  maintenance  or  operational  personnel  into  the  supporting  SSA.  For 
spare  parts,  each  requisition  is  assumed  to  be  for  one  among  several  types  of  parts  required  to  complete  a  work  order.  This 
assumption  can  be  complicated  by  the  existence  of  lower  echelons  of  inventory  that  are  replenished  in  lot-size  quantities. 
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Specifically,  the  slope  of  each  line  segment  was  given  hy  the  equation 


Total  Demands 

Slope  =  -  X  Discount, 

Total  Quantity 


where  the  bucket  number  determined  the  discount  factor. 

How  long  the  slope  was  maintained  was  determined  by  the  post-offset  contingency 
demand  quantity  for  the  period. 

For  example,  in  Figures  B.3  to  B.5,  we  continue  with  the  previous  example  and  construct 
the  benefit  function  for  a  forward-positioned  item.  Assume  that  the  discount  of  the  nth  bucket 
was  equal  to 


Discount  for  nth  Bucket  =  (0.6)^” 


then  the  slope  of  the  line  segment,  which  represents  the  benefit,  would  be: 


Slope  =  — X  (0.6)^^  ^^  =  0.25. 
28 


This  slope  would  be  maintained  for  six  units,  the  quantity  in  the  first  bucket. 

The  slope  of  the  line  segment,  or  benefit,  in  the  second  ten-day  time  period  would  be: 


Slope  =  —  X  (0.6)^^  ^^  =  0.15. 
28 


This  slope  would  be  maintained  for  nine  units,  i.e.,  between  inventory  levels  7  and  15. 
The  slope  of  the  line  segment,  or  benefit,  in  the  third  ten-day  time  period  would  be 


Slope  =  —  X  (0.6)^^“^^  =  0.09  . 

28 

This  slope  would  be  maintained  for  13  units,  i.e.,  between  inventory  levels  16  and  28. 

By  construction,  the  discount  factors  cause  the  slopes  of  the  line  segments  in  the  benefit 
function  to  decrease,  thus  yielding  a  concave  function  that  increases  at  a  decreasing  rate. 

Readiness  Drivers  Receive  Additional  Benefit 

As  previously  mentioned,  additional  benefit  was  given  to  readiness  drivers  as  identified  by  the 
database  of  all  deadlining  demands  used  by  the  EDA.5  So  each  item  was  multiplied  by  a  value 
proportional  to  the  empirically  derived  probability  that  the  item  deadlines  an  end  item.  The 


5  Peltz  et  al.  (2002). 
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Figure  B.3 

Computation  of  a  Benefit  Function,  Part  1 


RAND  TR793-B.3 


Forward-Stocked  NUN  Bucket  Table 


Bucket 

Number 

Bucket 

Quantity 

Cumulative 
Bucket  Quantity 

1 

6 

2 

9 

/  15 

3 

13 

/  28 

Endpoint  of  the 
first  line  segment 


Figure  B.4 

Computation  of  a  Benefit  Function,  Part  2 


RAND  TR793-B.4 


Forward-Stocked  NUN  Bucket  Table 


Bucket 

Number 

Bucket 

Quantity 

Cumulative 
Bucket  Quantity 

1 

6 

6 

2 

9 

3 

13 

/  _ 

Endpoint  of  the 
second  line  segment 


empirically  derived  probability  was  also  multiplied  by  a  multiplicative  readiness  weighting 
factor  chosen  by  the  user. 

Specifically,  the  modified  benefit  function  was  derived  from  the  old  benefit  function  as 
follows: 
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Figure  B.5 

Computation  of  a  Benefit  Function,  Part  3 


RAND  TR793-B.5 


Forward-Stocked  NUN  Bucket  Table 


Bucket 

Number 

Bucket 

Quantity 

Cumulative 
Bucket  Quantity 

1 

6 

6 

2 

9 

15 

3 

13 

_ ^ _ 

Endpoint  of  the 
third  line  segment 


Modified  Benefit  Function  =  (Old  Benefit  Function)  (cnncality) 

The  criticality  of  an  item  is  the  empirically  derived  probability  that  the  item  deadlines  an 
end  item.  It  is  equal  to  the  number  of  deadlining  demands  divided  by  the  total  number  of 
demands.  So  zero  deadlining  demands  results  in  a  weighting  factor  equal  to  one  {e  to  the  zero 
power  equals  one).  The  higher  the  percentage  of  deadlining  demands  for  an  item,  the  greater 
the  benefit — which  increases  the  slope  of  the  benefit  function.  The  user  chooses  the  value  of 
the  multiplicative  readiness  weighting  factor,  k.  The  larger  the  value  of  k  chosen  by  the  user,  the 
greater  the  benefit  associated  with  items  with  high  values  of  the  empirically  derived  criticality 
(again,  the  greater  the  increase  in  the  slope  of  the  benefit  function).  So  as  k  is  increased,  the 
more  likely  it  is  that  readiness  drivers  will  be  selected  for  the  solution. 

Combining  Benefit  Functions  Creates  a  More  Robust  Solution 

In  addition,  after  the  benefit  functions  were  created  for  each  post-offset  contingency  demand 
stream,  the  two  benefit  functions  were  combined  to  create  a  single  concave,  piecewise  linear 
benefit  function.*"  Although  it  is  possible  to  give  more  weight  to  one  contingency  demand  fore¬ 
cast  over  another  if  one  contingency  demand  forecast  is  considered  more  likely  than  another, 
in  this  case,  we  gave  equal  weight  to  both  contingency  demand  streams.  Also,  any  number  of 
alternative  contingency  demand  streams  can  be  linearly  combined. 

Combining  multiple  benefit  functions  increases  the  robustness  of  the  solution  by  weight¬ 
ing  more  heavily  items  and  quantities  that  are  common  across  different  contingency  demand 


6 


Note  that  a  weighted  average  of  convex  piecewise  linear  functions  is  also  convex  piecewise  linear. 
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forecasts.  It  also  avoids  creating  a  solution  that  is  tailored  too  closely  to  one  specific  instance  of 
contingency  demands.^ 


Comparison  Across  Benefit  Functions 

Finally,  after  computing  the  benefit  functions  for  each  item,  we  compared  them  across  items 
to  find  an  optimal  inventory  solution  that  satisfied  the  resource  constraint.  This  was  achieved 
through  marginal  analysis  hy  comparing  the  henefit-to-cost  ratios  across  NIINs. 

The  marginal  analysis  was  achieved  as  described  in  the  following  example.  Tables  B.l  and 
B.2  show  sample  marginal  benefit  values  of  items  at  given  inventory  levels.* *  In  the  example 
depicted,  there  are  two  items  to  be  compared — NUN  A  and  NUN  B.  Assume  that  the  unit 
price  of  NUN  A  is  $1,  whereas  the  unit  price  for  NUN  B  is  $10.  The  third  column  in  each 
table  shows  the  benefit-to-cost  ratio,  that  is,  the  marginal  benefit  value  divided  by  the  unit  price 
of  the  item. 

Assume  that  there  is  a  resource  constraint  of  $13.  The  greatest  benefit-to-cost  ratio 
is  derived  from  stocking  one  unit  of  NUN  B.  Thus,  there  is  $3  left  to  spend.  The  second 
and  third  greatest  benefit-to-cost  ratio  is  derived  from  stocking  two  units  of  NUN  A.  After 


Table  B.1 

Benefit  Table  for  NUN  A 


Inventory 

Level 

Marginal 

Benefit 

Benefit-to-Cost 

Ratio 

1 

0.15 

0.15 

2 

0.15 

0.15 

3 

0.07 

0.07 

4 

0.03 

0.03 

Table  B.2 

Benefit  Table  for  NIIN  B 


Inventory 

Level 

Marginal 

Benefit 

Benefit-to-Cost 

Ratio 

1 

2 

0.2 

2 

1 

0.1 

3 

1 

0.1 

^  Note  that,  although  a  combined  benefit  function  will  have  benefit  value  between  the  two  individual  benefit  functions 
used  to  create  the  combined  benefit  function,  one  should  not  interpret  this  to  mean  that  that  item  has  less  benefit  in  the 
combined  benefit  comparison  than  that  in  any  individual  benefit  comparison.  Because  the  benefit  comparison  across  NIINs 
uses  marginal  analysis,  the  relative  benefit  of  a  given  item  is  what  is  used  to  prioritize  the  item  for  war  reserve,  rather  than 
the  absolute  benefit  value  of  the  item.  Specifically,  benefit  functions  from  different  contingency  demand  forecasts  cannot  be 
compared. 

*  The  marginal  benefit  value  is  the  slope  of  the  line  segment  in  the  piecewise  linear  benefit  function. 
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these  purchases,  there  is  $1  left  to  spend.  Although  the  fourth  greatest  henefit-to-cost  ratio 
would  he  for  stocking  a  second  unit  of  NUN  B,  there  are  insufficient  funds  to  purchase  another 
unit  of  NUN  B.  Thus,  another  unit  of  NUN  A  is  purchased,  and  the  resource  constraint  has 
heen  met.  The  optimal  inventory  in  this  case  is  to  stock  four  units  of  NUN  A  and  one  unit  of 
NUN  B. 

By  investing  the  next  dollar  on  the  item  with  the  largest  henefit-to-cost  ratio,  limited 
funds  are  optimized  to  select  the  items  providing  the  most  benefit.  This  marginal  analysis  is 
optimal  because  of  the  use  of  concave  benefit  functions.® 

This  resource  allocation  methodology  is  flexible  and  fast.  By  choosing  the  desired  weight¬ 
ing  of  the  time  periods  and  readiness  weighting  factor,  one  can  rapidly  compute  and  compare 
different  resource  allocations,  for  different  resource  constraints  and  for  different  priorities,  with 
respect  to  the  degree  of  emphasis  on  item  criticality  versus  time  elapsed  in  the  contingency, 
thus  optimizing  WRSI  inventory  to  suit  a  desired  goal. 

More  generally,  if  there  is  more  than  one  resource  constraint,  a  linear  programming  level 
approach  can  be  used  instead  of  marginal  analysis. 


®  See  Everett  (1963),  Fox  (1966),  and  Sherbrooke  (2004). 
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